9. Make a small incision anterior to where one holds the trachea but posterior to the larynx. The incision should be made at approximately a 45°d egree angle. Also, do not completely transect the trachea, as this will prevent it from retracting into the body cavity. 10. Fill a 1 cc syringe fitted with a Tom Cat catheter with sterile PBS in preparation to insert the catheter into the lumen of the trachea. Hold the trachea using forceps and with your hand hold the catheter close to the tip to increase control and gently insert it into the tracheal incision site. Gently insert catheter into trachea about 20 mm. Grip the trachea that is around the catheter tube, freeing the other hand. 11. Using a 1 mL syringe fitted with the catheter, gently infuse 0.75 mL of room temperature, sterile PBS into the lungs and then gently aspirate the PBS back into syringe. Repeat this process three times while externally massaging the chest. Disconnect the syringe from the catheter and dispense the lavage fluid into a 15 mL centrifuge tube. After filling the syringe with 0.75 mL of fresh PBS and reconnecting the syringe to the catheter, repeat steps 1.9 and 1.10 twice for each mouse. Fluid recovery may be partial, obtaining less than the volume infused. If collecting cells from more than one mouse, place the 15 mL tube with the harvested cells on ice until all lung lavages have been performed.
1. Centrifuge lung lavage fluid at 250 x g for 10 min at 4°C.
2. Using sterile technique, decant supernatant into appropriate waste container inside a biosafety cabinet. Resuspend the cell pellet by gently raking the centrifuge tube across the top of a test tube rack. Add 1 mL of cAMɸ medium to resuspend the cells. to display the cell concentration as the number of cells per mL.
4.
Dilute cells to 2.5 x 10 5
per mL using cAMɸ medium.
5.
Dispense 2 mL of 2.5 x 10 5 cells/mL into each well of a 6-well tissue culture dish.
6. To enrich for AMɸ, incubate culture dishes inside a 37°C humidified incubator with a 5% CO2 atmosphere for 6 h to allow cells to adhere to the bottom of the well. Gently aspirate the supernatant as to not disrupt adherent cells.
7. Rinse the wells using sterile PBS (calcium and magnesium free) to remove non-adherent cells and debris. Add 2 mL of cAMɸ medium to each well.
8. Incubate cells overnight inside a 37°C humidified incubator with a 5% CO2 atmosphere prior to addition of stimulants. After this enrichment step, approximately 87% of the cells are positive for the macrophage markers CD11b and F4/80 (Figure 2c ).
1.
Fabricate nanoparticles via polyanhydride anti-solvent nanoencapsulation 15 . In this process, the polymer is dissolved in methylene chloride (4°C at a concentration of 25 mg/mL) and precipitated in pentane (-20°C at a ratio 1:200 methylene chloride:pentane).
2. Weigh out polyanhydride nanoparticles using sterilized weigh paper on a balance that can accurately measure microgram amounts. Add particles to a 1.5 mL microcentrifuge tube.
3. Resuspend the nanoparticles in ice cold cAMɸ. Calculations are made such that no more than 0.3 mL of medium is added to each well to obtain the desired concentration of nanoparticles. Keep the resuspended particles on ice until the nanoparticles are added to the culture well.
4. Prior to adding the nanoparticles to the AMɸ cultures, sonicate particles using a bench top sonicator with a microtip. Sterilize microtip by spraying with 70% ethanol and wiping with a sterile Kimwipe prior to sonication. Sonicate at 10-20 joules for 30 to 45 s while keeping the tube on ice. Observe nanoparticle suspension macroscopically. If particles are not sufficiently dispersed, allow the suspension to set on ice for 1 to 2 min to ensure that the nanoparticles are below the glass transition temperature of the polymer before sonicating again for 30 to 45 sec. The intent of this sonication step is to adequately disperse the nanoparticles, as the 50:50 CPTEG:CPH nanoparticles tend to aggregate when exposed to an aqueous environment. However, some small aggregates of nanoparticles may still remain in the suspension.
5. Nanoparticle suspension (adequately dispersed) should be kept on ice and be used immediately to prevent premature surface erosion or aggregation.
6. Remove the culture dishes containing the AMɸ from incubator and place in the biosafety cabinet. Tilt plate at approximately a 45 degree angle and pipette off the amount of medium that will be added to the nanoparticle suspension (it should not exceed 0.3 mL). Do not disturb the adherent cells when removing the medium.
7. Vortex the polyanhydride nanoparticle suspension briefly prior to adding it to the appropriate wells. Pipette the amount of nanoparticle suspension (no more than 0.3 mL) into the specific well(s); however, do not pipette up and down to mix. This action could detach the adherent AMɸ from the well. The particles will settle to the bottom of the well and contact the cells. For the studies outlined in this report, the final concentration of nanoparticles co-cultured with the AMɸ was 125 μg/mL. Proceed with subsequent wells and desired treatment groups.
Include positive and negative control groups, such as medium only and 200 ng/mL lipopolysaccharide (LPS) to designated wells.
8. Return the culture dishes to the 37°C humidified incubator with a 5% CO2 atmosphere for 48 h. Kinetic studies in our laboratory have demonstrated 48 hours to be the optimal culture period for evaluating both cell-surface marker expression and cytokine secretion as it permits adequate time for transcription and protein synthesis to occur. Although greater levels of cytokines accumulate during an extended culture period (i.e., 72 hr), evaluating cell surface marker expression at this time point can be confounded by the contribution of the elevated levels of cytokines. The changes in surface marker expression observed may not be directly attributable to stimulation with the nanoparticles themselves.
1. Prepare fluorescence-activated cell sorting (FACS) buffer (0.1 % sodium azide and 0.1 % bovine serum albumin (BSA)) in 0.1 M phosphate buffered saline (pH 7.4) prior to harvesting the plated macrophages that have been co-cultured with nanoparticles or stimulants. 
Representative Data
Nanoparticles fabricated in step 3.1 had an average diameter of 163 ± 24 nm and a morphology consistent with that obtained in previous studies 5, 16 . Nanoparticles in solution prior to and after sonication are shown in Vortex tubes and incubate on ice for 30 min. 9. Add appropriate volume of diluted monoclonal antibodies to each tube and incubate in the dark on ice for 15 min. Tubes that contain samples to be analyzed should receive the combination of antibodies of the polycromatic panel (previous optimization of combination of antibodies should be performed by individual labs). Additional control groups should be included to correctly set the acquisition parameters on the flow cytometer, including a tube of cells that were not labeled, and compensation tubes that correspond to labeled cells using each single color separately. To correctly set the gates for flow cytometric analysis, the Fluorescence Minus One (FMO) controls should be included during acquisition. FMO controls are cells labeled with all the fluorochrome-conjugated antibodies that are used on the panel except one that is replaced by its respective isotype control. Positive and negative populations (i.e., separate aliquots of cells treated with a positive control stimulant and medium alone) should also be included in FMO and compensation control tubes. 10. Add 2 mL of FACS buffer to each tube, vortex and centrifuge at 250 x g at 4°C for 10 min. 11. Decant supernatant and resuspend cell pellet in residual fluid by raking the tubes across the top of a test tube rack. 12. If the antibody panel consists of an antibody not directly conjugated to a fluorochrome but is instead conjugated to biotin, a fluorochrome-conjugated streptavidin is needed to visualize the surface marker. In this step, add an appropriate volume of the diluted fluorochrome-conjugated streptavidin and incubate in the dark for 15 min on ice. As in 4.2, the streptavidin will be diluted to a concentration recommended by the manufacturer or to one optimized by the user. This step is only needed for panels containing biotinylated primary antibodies. 13. Perform a wash step as described in 4.10. Polyanhydride nanoparticle vaccine platforms have shown efficacy when administered intranasally in single dose regimens 5 . Measuring the activation of the resident phagocytic cell populations in the lungs induced by this vaccine delivery platform permits evaluation of its potential capability to ultimately promote adaptive immune responses.
Specifically, harvesting alveolar macrophages from lung lavage fluid and treating them with different formulations of the nanoparticles provides insights into the abilities of different particle chemistries to activate macrophages, leading to antigen presentation 6, 8 . In addition, these in vitro studies are useful for assessing the capacity of these particulate adjuvant formulations to activate alveolar macrophages prior to embarking on larger and more complex in vivo studies. Experiments should always contain a positive control treatment for surface marker up-regulation, such as LPS, an agonist of Toll-like receptor 4. Care should be taken in planning experiments prior to harvesting alveolar macrophages as this protocol may not produce adequate numbers of cells needed for multiple treatments in one experiment. Lung lavages may therefore need to be performed on multiple mice to ensure adequate cell numbers (~5.0 x 10 5 cells per mouse) for larger experiments with more treatment groups. Lung lavage techniques have also been reported for other species, and the amount of fluid utilized is proportional to the species being studied (i.e., mouse lung capacity is 1 mL, rat lung capacity is 10 mL and human lung capacity is 6 L 17 .
Polyanhydride nanoparticles are formulated and stored in a dry powder form to prevent premature surface erosion. Because of static interactions that result in clumping of the particles, sonication is necessary before addition to cell cultures. This step allows for uniform distribution and leads to more reproducible results. The quantification of cell surface markers on alveolar macrophages using flow cytometry is complicated by strong autofluorescence signals. This obstacle can be overcome by optimizing FACS antibody concentrations, polychromatic fluorochrome combinations, and flow cytometry capture parameters (i.e., use of compensation controls). FMO controls allow the change of one fluorescent parameter at a time, are useful for setting gates for each antibody and enable correct quantification of cell surface marker expression. Differences in the strains of mice should also be considered in the selection of antibodies, particularly haplotype specificity of MHC II.
It is important to have standardized methods to determine activation of antigen presenting cells in the lung, as this will greatly facilitate comparisons of novel biomaterials between different laboratories and institutions. Generating consistent populations of alveolar macrophages through the methods presented here, provide optimal conditions for obtaining useful data regarding different formulations of nanoparticles and their immune enhancing potential.
